The arthroscopic treatment of a humeral avulsion of the gienohumeral ligaments lesion allows for a safe, reproducible, and effective way to reestablish the inferior glenohumerat ligament and capsular complex to the humérus.
-T he pathology of shoulder instahilily includes injury ill both iabrum and capsule. Labral injury can occur via separation of the labrum from ihe glenoid rim or direct bony injury to tbe anteroinferior glenoid {Bankart lesion),'-In most cases, capsular injury occurs as plastic deformation of the capsule or capsule stretcbing. However, in a small number of cases, capsular rupture either midsubstance or directly off tbe humeral attachment may occur. '•'' This type of capsular detachment is known as a humeral avulsion of the glenobumeral ligaments. Bach et al' first described a humeral avulsion of the gienohumeral ligaments lesion of the lateral capsule that was treated with open repair resulting in satisfactory outcomes. Altbougb infrequently encountered, making the diagnosis of a humeral avulsion of the gienohumeral ligaments lesion and subsequent treatment are important to obtain a stable shoulder Joint.
Overall, the incidence of a humeral avulsion of the gienohumeral ligaments lesion in shoulder instability is a relatively uncommon event, but may approach up to 10% of instability injury patterns.'' Wolf et al,'' in a review of 64 shoulders with the diagnosis of glenohuEiieral instability, found a humeral avulsion of tbe gienohumeral ligaments lesion in 6 patients (9.3%). Bokor et al^ reviewed 547 shoulders with instability, and the cause of instability was considered to be avulsion of tbe lateral capsule, including the inferior gienohumeral ligiunenl from the neck of the humérus, in 41 patients (7.5%). In 6 of 33 patients (18.2%) who underwent revision procedures for instability, a diagnosis of a humeral avulsion of the glenobumeral ligaments lesion was made, highlighting the need for idcniilication and treatment of these lesions at the time of the index procedure.
Reports of humeral avulsion of the gienohumeral ligaments injuries in combination with a Bankart lesion'' '" have emphasized the importance of a complete evaluation of the shoulder joint even in the presence of labral detachment." Although 94% of humeral avulsion of the gienohumeral ligaments lesions have been diagnosed after violent Irauma.^'-a case report exists of a humeral avulsion of the gienohumeral ligaments lesion resulting from repetitive microtrauma associated with overhand throwing.'-'
BIOMECHANICAL CONSIDERATIONS
The humeral avulsion of tbe gienohumeral ligaments lesion is a recognized cause of gienohumeral instability. Nicola''' was the first to report that the inferior glenohumeral ligament complex could fail at the humeral insertion site in 4 of 5 acute cases of dislocations and in 6 of 25 recurrent dislocators. Nicola'"* evaluated the likely mechanism of this pathology and found it to be in 105° of hyperabduction and external rotation. and found that in loading the inferior glenohumeral ligament complex to failure, 25% of specimens resulted in humeral avulsion of the glenohumeral ligaments-type lesions.
Gagey et al"' experimentally dislocated cadaveric shoulders and found capsular failure at the humeral side in 63%. It is unclear why failure occurs at the humeral capsular insertion more commonly in the laboratory setting than in standard clinical practice. The authors hypothesize that this may be related to a protective role of the subscapularis muscle, which cannot be duplicated in vitro.
Although lateral thinning of the capsuloligamentouŝ t^uctures from the glenoid to the humérus has been described, this fmding is likely insufficient to result in clinical shoulder instability.'^ Pouliart and Gagey'^ performed a cadaveric study simulating tbe humeral avulsion of the glenohumeral ligaments lesion and showed that extensive capsuloligamentous lesions on the humeral side were required before dislocation can occur. The role of the superior glenohumeral ligament and the surrounding musculature on 
PATIENT EVALUATION AND RADIOGRAPHIC FINDINGS
Patient evaluation includes standard history and physical examination consistent with instability. Most patients will present with shoulder instability including either dislocation or subluxation. In most described cases of humeral avulsion of the glenohumeral ligaments le.sion, the instability is related to an initial traumatic event. Physical examination consists of standard testing for shoulder range of motion, strength testing, and specific stability testing including anterior apprehension test, posterior jerk test, and inferior sulcus testing in both neutral and external rotation. There is no specific clinical te.st. however, that may clinically differentiate a humeral avulsion of the glenohumeral ligaments lesion from a more .standard Bankait lesion.
Plain radiographs are rarely helpful in the diagnosis of a humeral avulsion of the glenohumeral ligaments lesion, although scalloping of the medial aspect of the humeral neck on the anteroposterior view has been reported as a specific finding.' However, standard shoulder radiographs including an axillary lateral should be used to obtain information regarding glenoid and humeral bone loss, to assess for alterations in version, and to ensure that the glenohumeral joint is reduced. A magnetic resonance imaging (MR!) study is gpoptg medicine update recommended to assess the inferior glcnohumeriil ligament complex, ihe labruin, and the rotator cuff preoperatively, In a humeral avulsion of the glenohunieral ligaments lesion. MRI demónstrales irregularity of the humeral capsular attachment on both the axial and coronal oblique images (Figure 1 ). Additional specificity is afforded with the use of an MR arlhrogram. which demonstrates extravasation of contrast material through the region of the capsular avulsion from the humeral neck with an expanded axillary pouch on the coronal images (Figure 2) .''* The axillary pouch on the sagittal oblique images is convened from a fluid-distended U-shaped structure to a J-shaped structure as the inferior glenohumeral ligament is displaced inferiorly.''' Similar lindings may he noted in acute settings with standard MRI where ihe palhologie Huid within the ¡oint will act as contrast material.
Although MRI and arthrogram are good at determining capsular injury, [he diagnosis of a humeral avulsion of the glenohumeral ligaments lesion is missed in up to 50% of cases based on imaging studies alone.'" Furthermore. 68% of patients with a humeral avulsion of the glenohumeral ligaments lesion have associated shoulder injuries such as HillSachs lesions, labral injuries. osteochondral injuries, and rotator cuff lears.-" Therefore. a high index of suspicion must be maintained at the time of diagnostic arthroseopy to evalú-ale the entire interior glenohumeral ligament complex and confirm normal attachment to the humérus laterally.
SURGICAL DECISION MAKING AND EVALUATION
The diagnosis of a humeral avulsion of the glenohumeral ligaments lesion as a cause for anterior shoulder instability can he difficult in an open anterior approach to the unstable shoulder. In defining the plane between the subscapularis tendon and the capsule, the inadvertent entry into the shoulder joint may disguise an actual humeral avulsion of the glenohumeral ligaments lesion. During the surgical approach, inadvertently leaving the deeper portion of the subscapularis over the capsule may mask the presence of a humeral avulsion of the glenohumeral ligaments lesion.*" Diagnostic arthroscopy allows for assessment of the glenohumeral complex at both the glenoid and humeral insertions. The humeral avulsion of ihe glenohumeral ligaments lesion is readily visualized from the posterior portal with the 30° arthroscope. Specifically, the humeral avulsion of the glenohumeral ligaments is generally seen in the inferior half of the shoulder, and is best seen in the axillary recess with the arthroscope from the posterior portal, The glenohumeral ligament complex can be seen to be avulsed from the humeral head exposing the subscapularis muscle fibers, which are confluent with the intra-articuliu-portion of the subscapularis tendon.-' The capsule will appear thin and attenuated and will consist of thin strands of cope. In external rotation, the attenuated capsule and capsular defect can be appreciated. The subscapularis muscle can be seen through the capsular detect. Abbreviations: G, glenoid; H, humeral tiead; S, subscapularis muscle. capsular fibers detached from the lateral aspect of the humeral head. The axillary pouch should be well visualized in all cases and the attachment of the capsule to the humeral head fully documented. Intemal and external rotation while looking at the capsular insertion on the humeral head may assist in diagnosis ( Figure 3 ).
Humeral avulsion of the glenohumeral ligaments have been successfully repaired using both open and ¡irthroscopic techniques.'"'"'-' Areiero and Mazzocca-described a miniopen technique in 8 patients in which the superior 50% of the subseapularis tendon is spared and the humeral avulsion of the glenohumeral ligaments lesion is anatomically repaired with suture anchors. An L-shaped incision is made in the lower half of the subscapularis tendon starting 1,5 cm medial to the lesser tuberosity. The humeral avulsion of the glenohumeral ligaments lesion is found by retracting the subscapularis tendon and muscle fibers superiorly. The inferior half of the subscapularis tendon is then repaired anatomically. By sparing the superior tendinous portion of the subscapularis tendon. Arciero and Mazzocca" felt that strength was preserved and no recurrences of instability were seen. Others have described open approaches to repairing humeral avulsion of the glenohumeral ligaments lesions with traditional subscapularis detachment using suture anchors or sutures through drill holes to secure the avulsed edge of the lesion to the medial humeral neek.^'Ŝ everal small series of all-arthroscopic repairs of humeral avulsion of the glenohumeral ligaments lesions have recently been described. to the subscapularis. maximal surgical visualization, less postoperative pain, and accelerated and less-restrictive rehabilitation.
The following describes an all-arthroscopic technique with anatomic repair of the inferior capsLiloligamentous complex to the humeral capsular insertion site with suture anchors.
SURGICAL TECHNIQUE
Our preference for instability procedures is to place the patient in the lateral decubitus position, but a beach-chair position may also be used. A formal examination under anesthesia is performed prior to prepping and draping. The operative ami is placed in 5 to 10 pounds of traction in 50° of abduction and 15° of forward flexion. A diagnostic arthroscopy is performed from the posterior portal, and an anterior portal is established in the Wolf et aP treated 4 humeral avulsion of the glenohumeral ligaments lesions with an arthroscopic plication of the inferior capsule and were able to tie it over the deltopectoral fascia in these patients. Huberty and Burkhart-' reviewed a series of 6 patients over 4 years Once the portals are established, the humeral avulsion of the glenohumeral ligaments pathology is further clarified. The anterior glenohumeral ligaments are inspected from their glenoid/labrai origin lo their attachment on the humeral neck. In a humeral avulsion of the glenohumeral ligaments lesion, all or part of the middle and inferior glenohumeral ligament complexes are avulsed from their humeral insertion. The humeral insertion is best visualized with a 70" scope in the posterior portal or with a 30° scope placed in the anterosuperior portal ( Figure 5 ). This portal is located jusi off the anterolateral corner of the acromion and enters the joini in the superior aspect of the rotator interval. A probe placed through the anterior midlateral portal is used to assess the gpnrts medicine update competency of the ligaments (Figure 4) .
In long-slanding recurrent instahility. particular attention is paid to areas on the glenoid and humeral head tor possible bone deficiency. If a large, engaging Hill-Sachs lesion or significant gicnuid bone defect exists, the treatment plan is changed to that of an opeti Latarjel or alternative procedure to address the area of bone deficiency. If combined anterior humeral avulsion of the glenohumeral ligamentsand Bankart lesions are discovered, the humeral avulsion of the glenohumeral ligaments lesion should be reduced to the humeral neck with a grasper tii adequately assess the lension of the capsule prior to performing the capsulolabral tensioning and repair. On a righl shoulder, this would correspond to a position from approximately 8 to 6 o'clock on the humeral neck.^'
The capsular tissue avulsed (»If Ihe humeral head is identitied and reduced lo the humeral neck with an arthroseopic grasper ( Figure 6 ). If a labral tear i.s identified, the humeral avulsion of the glenohumeral ligaments lesion is repaired first and then the labral tear is addressed. This avoids overtightening of the capsule medially, which may prevent or impair lateral repair. In order to prepare Ihe bony bed. the original humeral insertion site of the interior glenohumeral ligament complex is gently Jebrided using a burr on reverse from the anterior midglenoid portal lo complete a tight decoriieation and obtain a bleeding surface.^* The tabral (Bankaii) repair is completed in standard fashion using glenoid suture anchors if a concomitant labral tear exists. Care must be taken not to overtension the capsulolabral repair so there is suificieni tissue left to anchor the capsule to the humeral neck avulsion site.
An 18-gauge needle is used under direct visualization to establish the correct path for suture anchor placement onto the medial humeral neck. The approximate placement of this path is between the standard posterior portal and the accessory postero lateral portal (7 o'clock) {Figure 4). This is obtained in a percutaneous fashion with tbe anchor inserting device and drill.
Once the appropriate path is established, a 3.0-mm bioabsorbable suture anchor is placed (Figure 7) . One of the suture limbs is retrieved with a crochet hook out the anlerosuperior portal. The remaining suture limb is left posteriorly outside the skin. A straight suture repair device is advanced through the 8.25-mm cannula in the 7-o'clock portal and passed through the inferior/lateral capsule just inside of the avulsion borders. A #1 monofilament suture is advanced into the joint through the suture repair device and retrieved through the anterosuperior portal. The monotilament is tied to ihe previously passed suture limb and shuttled back through the 7-o"clock portal through the capsuloligamentous complex. This can be repeated, and a mattress suture is then tied through the 7-o'clock portal with a knoi pusher.
As the repair continues anteriorly, an accessory low anterior portal is required for correct anchor placement. This portal is created in a trans-subscapularis fashion, staying iateral to the humérus to minimize risk of axillary nerve injury. This poiial can be used to place an anchor percutaneously. or a small 5-mm cannula can be used. It is important lo use the rotation of the humérus to help control access to all areas of Ihe humeral capsular avulsion site.
Once the anchor is in place, sutures are passed through the torn capsule in a similar fashion as described above using a corkscrew suture-passing device. The sutures are shuttled and brought out the anterior midlateral portal. In general, sutures are passed in a mattress fashion allowing the knot lo be placed outside the capsule (Figure 8 ), This repair can also be performed using a 3.5-mm or 4.5-mm pushlock (Arthrex Inc. Naples. Florida) to perform the fixation of the humeral avulsion of the glenohumeral ligaments lesion to the humeral head. This knotless and somewhat blind technique can be accomplished by visualizing the glenohumeral reduc-gpnpts meilicine update tion arthroscopically. After the repair of the humeral avulsion of the glenobumeral ligaments lesion, examination under anesthesia is performed to verify flrm anterior and anteroinferior glenohumeral stability.
POSTOPERATIVE

MANAGEMENT
The arm is placed into a sling for approximately 4 weeks. During this time the patient is instructed to perform supine well-arm forward elevation to 90°, passive external rotation with arm at side to 30°. grip strength, and hand, wrist, and elbow range of motion exercises. Deltoid and rotator cuff isometrics are begun. From 4 to 8 weeks postoperatively, active and active-assisted forward elevation to 140° and external rotation with arm at side to 40°i s begun, deltoid/rotator cuff isometrics are progressed, and scapular-stabilizing exercises are begun. Full, painless range of motion in all directions, gentle stretching at end range of motion, and progressive light resistance training is permitted 8 weeks postoperatively. Deltoid and rotator cuff exercises are progressed to isotonic. Extemal rotation in 45° of abduction is started at 10 to 12 weeks postoperatively. A strengthening program is initiated after 3 months or when the patient has pain-free symmetric active range of motion, and this program is progressed as tolerated. After completing an isokinetic and functional test assessment, the patient may resume sporting activities. Operative treatment of the humeral avulsion of the glenobumeral ligaments lesion was first described by Bach et Wolf et al*" were able to address 4 humeral avulsion of the glenobumeral ligaments lesions arthroscopically in 6 patients by tying sutures over the top of the subscapularis. Two patients in the report underwent open repair with sutures through drill holes. Richards and Burkhart-' described 2 cases in which a humeral avulsion of the glenohumeral ligaments lesion was repaired arthroscopically with suture anchors, but no follow-up data was reported. Kon et al^"ŵ ere able to perform an all-arthroscopic repair of 3 humeral avulsion of the glenohumeral ligaments lesions with no recurrences and a return to preinjury activity level after 12 to 24 months of follow-up. Huberty and Burkhart-^ reported on 6 humeral avulsion of the glenohumeral ligaments lesions treated with an arthrnscopic repair. At an average of 31.8 months of follow-up, no patients had sustained recurrent dislocations or subiuxations. and all patients were satisfied with the results of their operations.
KEY TECHNICAL POINTS
There are a numher of key points in performing arthroscopic humeral avulsion of the glenohumeral ligaments repairs with suture anchor fixation. A thorough arthroscopic examination must be performed. It is important to assess the anterior labrum for a Bankart lesion or an anterior labroligamentous periosteal sleeve avulsion lesion. The middle and inferior glenohumeral ligament complexes must be examined for evidence of concomitant capsular redundancy. The glenohumera! ligaments need to be assessed at their humeral attachment. To check the humeral bony insertion of the middle and inferior glenohumeral ligament complexes, a 70" arthroscope may be required. The expanded field of view obtainable by the 70° arthroscope will assist in both the diagnosis nf the injury and its repair.-'
The ability to establish a 7-o"clock portal is a key component of this c:ise, and for all of our instability cases. Davidson and Rivenburgh''' critically evaluated this poital in a cadaver study. The distance from the portal to the axillary nerve and the suprascapular nerve was 39 ±4 mm and 29 ±3 mm. respectively. The position of the ann had no effect on the distance from each nerve. Eakin et al-^ showed in an anatotnic study Ihat the mean distance to the axillary nerve in inferior and posteroinferior jiports medicine update.ŝ 
